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Performance  of 


Adaptive  Nulling  Antennas 
in  a  Jamming  Environment 


1.  INTRODUCTION 

In  a  communications  environment  where  there  are  many  undesirable  electromagnetic 
interferences  that  will  degrade  the  capabilities  of  an  antenna  to  receive  a  desired  signal,  adaptive 
nulling  techniques  can  be  used  to  minimize  the  effects  of  the  undesirable  signals  while  causing 
minimal  loss  to  the  desired  signal.  By  using  an  adaptive  nulling  system,  the  spatial  selectivity  of  an 
array  antenna  can  be  considerably  increased. 

The  conventional  low  sldelobe  antenna  that  is  typically  used  in  a  noisy  environment  cannot 
perform  as  well  as  an  adaptive  antenna  array  because  of  the  considerable  beam  broadening 
characteristic  of  a  low  sldelobe  pattern.  When  the  beam  is  made  narrow,  as  in  a  uniformly 
illuminated  array,  the  number  of  main  beam  interferences  is  reduced.  The  increased  sldelobe  level  is 
a  disadvantage,  but  sidelobe  nulling  has  a  minimal  effect  on  the  radiation  pattern. 

This  report  will  show  the  expected  performance  of  an  adaptive  nulling  array  using  digital 
beamforming  techniques  as  well  as  a  comparison  between  an  adaptive  nulling  antenna  and  a 
conventional  low  sidelobe  antenna. 


2.  DISCUSSION 

The  adaptive  nulling  array  antenna  system  is  shown  in  Figure  1.  The  desired  source.  A.  has 
magnitude  a  and  direction  G.  The  interfering  sources.  B^.  have  magnitude  b^.  and  direction  G'^,  where 
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k  is  the  total  number  of  Interferences.  The  signal  received  at  each  antenna  element,  denoted  by  Xn.  is 
the  sum  of  the  desired  signal  plus  all  the  interfering  signals.  These  received  signals  are  then 
multiplied  by  the  adapted  weights  calculated  for  each  element.  The  signals  from  each  element  are  then 
summed  to  achieve  the  radiation  pattern  of  the  array.  The  adaptive  weights.  wn,  are  chosen  so  as  to 
maximize  the  signal-to-interference-plus-noise  ratio  in  the  output  of  the  antenna.  This  ratio  can  be 
written  as: 1 


SI  N  R 
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The  vector  s  corresponds  to  the  vector  in  the  look  direction,  where  the  signal  is  known,  while  Rn.  the 
noise  plus  interference  covariance  matrix,  is  unknown  and  must  be  measured  in  the  absence  of  the 
desired  signal.  It  can  be  shown  that  the  weight  vector  w  that  maximizes  SINR  is: 

w  =  ttR" 1  ns  (2) 

where  a  is  a  constant  of  proportionality.  Using  the  sample  matrix  inversion  method,  the  weights  can 
then  be  calculated  directly  from  this  equation. 

These  weights  are  the  necessary  coefficients  used  to  place  nulls  in  the  directions  of  the 
interferences  while  maximizing  the  signal  in  the  direction  of  the  main  beam.  Although  the  signal  in 
the  direction  of  the  main  beam  is  maximized,  gain  loss  will  occur  and  can  be  considerable,  depending 
on  the  position  of  the  interferences  and  the  size  of  the  antenna. 

An  analysis  has  been  performed  to  determine  what  effects  antenna  size  has  on  the  losses 
incurred  when  using  adaptive  cancellation  techniques.  This  analysis  was  done  for  an  ideal  digital 
beamforming  system.  Also,  the  results  presented  are  for  a  narrowband  system.  For  a  wideband 
system,  the  losses  would  be  greater  than  those  presented  here. 

The  important  parameter  calculated  was  visibility  over  a  specific  angular  sector  and  jammer 
density.  This  visibility  was  defined  as  the  percent  of  the  angular  sector  where  the  loss  in  the  main 
beam  did  not  fall  below  the  specified  loss.  The  ability  to  scan  the  main  beam  was  used  to  achieve  the 
maximum  visibility. 

Two  different  cases  for  power  were  considered.  The  first  was  for  constant  power,  such  as  in  a  tube 
fed  antenna,  where  the  power  does  not  change  when  the  antenna  size  is  changed.  The  second  case 
corresponds  to  an  antenna  with  T/R  modules  where  the  power  increases  linearly  as  the  number  of 
elements  is  increased. 

The  noise  environment  was  modelled  by  an  interference  density.  This  density  is  defined  as  the 
number  of  jammers  in  a  specific  angular  sector.  The  angular  sector  that  contains  one  Jammer  is 
defined  as  p.  Calculations  of  visibility  were  made  over  a  2p  sector.  The  interference  sources  are  able  to 
move  relative  to  the  antenna.  For  example,  if  there  are  10  Interferences  over  a  32  degree  sector,  this 
would  be  an  interference  density  of  one  Jammer  per  3.2°  sector,  so  P  =  3.2°.  The  2P  sector  over  which  the 
visibility  would  be  calculated  is  6.4°.  By  knowing  p,  the  visibility  can  be  determined  for  a  specific 
antenna  size,  or  conversely,  the  necessary  antenna  size  for  a  desired  visibility  can  be  determined. 


1.  Steyskal.  H.  (1987)  Digital  beamforming  antennas,  an  introduction.  Microwave  Journal 
30, (No.  1):  107- 124. 
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Figures  2  and  3  show  some  sample  patterns  for  a  50  element  antenna  with  p  =  3.2  for  two  different 
jammer  spaclngs. 

The  motion  of  the  Jammers  was  modelled  as  following  a  racetrack  course.  While  one  line  of 
jammers  is  travelling  in  one  direction,  another  line  of  Jammers  will  be  travelling  in  the  opposite 
direction.  In  the  model  the  2P  distance,  the  distance  between  two  Jammers  travelling  in  one  direction, 
will  remain  constant,  while  the  other  jammer,  travelling  in  the  opposite  direction,  will  travel 
throughout  the  2p  sector.  The  visibility  over  the  2p  sector  will  depend  on  the  position  of  this  third 
jammer.  The  interference  model  is  shown  in  Figure  4. 


3.  RESULTS 

Figure  5  shows  the  visibility  curves  as  a  function  of  Jammer  spacing  and  antenna  size  for  the 
normalized  power  case.  Because  visibility  is  a  function  of  jammer  density  as  well  as  antenna  size,  the 
desired  point  on  the  abscissa  is  determined  fmm  both  of  these  values.  The  four  separate  cases  shown 
in  Figure  4  are  for  various  jammer  positions.  In  the  first  case,  the  jammers  are  evenly  spaced  by  a 
distance,  ip.  In  the  second  case,  the  central  jammer  has  moved  closer  to  one  of  the  outer  jammers  than 
the  other.  The  spacing  is  now  .75P  between  the  central  Jammer  and  closer  Jammer,  and  1.25P  between 
the  central  jammer  and  the  other  Jammer.  The  movement  of  the  central  jammer  continues  until,  in 
case  4.  the  moving  jammer  is  directly  behind  the  outer  Jammer  so  that  the  twojammers  are  seen  as 
one  interference  and  the  distance  between  two  adjacent  Jammers  as  2p.  As  would  be  expected,  better 
visibilities  are  achieved  with  larger  antennas  in  all  cases.  From  these  results,  however,  it  is  seen  that 
there  is  not  a  simple  linear  relationship  between  size  and  performance.  For  the  symmetric  Jammer 
spacing  (ip)  the  performance  will  increase  dramatically  with  antenna  size  up  to  approximately 
~r~  =  80.  As  the  antenna  size  increases  beyond  this  point,  the  performance  begins  to  level  off. 

For  widely  spaced  Jammers,  however,  the  performance  shows  a  fairly  small  change  as  antenna 
size  is  increased.  For  example,  to  Increase  from  =  64  to  — =  96,  a  50  percent  increase  in  antenna 
size,  only  a  5  -  10  percent  increase  in  performance  Is  realized. 

The  Intermediate  cases  have  curves  that  are  not  as  smooth.  This  is  because  when  the 
intermediate  jammer  is  close  to  one  of  the  outer  Jammers,  there  is  no  visibility  between  the  closely 
spaced  jammer  until  a  fairly  large  antenna  is  used.  When  the  antenna  size  is  Increased  to  the  point 
where  it  is  possible  to  see  between  closely  spaced  jammers,  the  performance  will  rapidly  increase  with 
antenna  size. 

This  is  evident  in  the  case  where  the  Jammer  spacing  is  1.25P,  0.75P.  In  this  case,  the 
performance  is  fairly  flat  until  visibility  is  achieved  in  both  sections.  The  7  dB  curve,  for  instance, 
starts  out  rather  flat,  but  when  the  size  is  Increased  beyond  =  80,  the  visibility  increases  much 
more  rapidly.  The  1.5P,  .5p  curves  do  not  show  this  because  for  the  antenna  sizes  shown,  no  visibility 
was  achieved  between  the  Jammers  that  were  separated  by  .5p.  This  is  also  the  reason  why  the  1 ,5p.  5p 
case  gives  the  worst  performance  for  the  larger  size  antennas.  Some  visibility  is  seen  between  the  1.5P 
spaced  Jammers,  even  for  the  smaller  antennas,  but  the  visibility  does  not  increase  as  rapidly  with 
antenna  size  as  the  other  cases  because  no  visibility  is  achieved  between  the  0.5P  spaced  jammers. 

The  second  case  studied  was  the  T/R  module  case.  Because  in  this  case  the  power  increases  with 
antenna  size,  the  performance  will  improve  more  rapidly  than  in  the  previous  case.  This  analysis  was 
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Figure  6  shows  the  visibility  curves  for  this  ease.  As  one  would  expect,  the  visibility  is 
consistently  higher  than  in  the  previous  analysis.  The  difference  in  visibility  is  even  more 
pronounced  in  the  intermediate  cases.  This  is  because  visibility  occurs  between  the  closely  spaced 
jammers  at  smaller  antenna  sizes.  Even  in  the  1.5(3,  0.5(3  spacing,  the^j  =  96  size  antenna  just  starts 
to  gain  some  visibility  between  the  closely  spaced  Jammers  with  9  dB  of  loss. 

Figures  7  and  8  show  the  probability  of  detecting  a  target  inside  the  2(3  sector  for  the  two  different 
cases  considered.  This  is  calculated  by  averaging  the  visibilities  for  the  jammer  positions  as  the  third 
jammer  travels  throughout  the  2(3  sector.  These  figures  clearly  show  that  a  large  antenna  is  necessary 
to  achieve  an  acceptable  level  of  target  detection. 

A  comparison  was  made  between  an  adaptive  nulling  antenna  and  an  antenna  with  low 
sidclobes  to  determine  how  much  better  performance  could  be  expected  using  adaptive  nulling 
techniques.  For  the  low  sidelobe  antenna,  the  visibility  was  defined  to  be  the  portion  of  the  2(3  sector 
in  which  a  SNR  of  50  dB  could  be  attained  when  the  sidelobes  were  50  dB,  and  a  SNR  of  60  dB  when  the 
sidelobes  were  60  dB.  The  noise  level  was  defined  to  be  the  level  at  which  the  Jammer  intersected  the 
main  beam. 

Figures  0  and  10  show  the  comparisons  for  the  constant  power  case  and  the  T/R  module  case, 
respectively.  From  these  figures  it  is  clear  that  a  considerably  larger  low  sidelobe  antenna  must  be 
used  to  achieve  any  visibility  in  a  Jamming  environment.  Once  this  critical  size  has  been  reached, 
however,  the  visibility  improves  rapidly  with  small  increases  in  antenna  size.  However,  in  order  for 
the  low  sidelobe  antenna  to  achieve  the  same  performance  as  the  adaptive  nulling  antenna,  much 
larger  antennas  would  be  required,  and  this  may  be  unrealistic  for  UHF  or  lower  frequency  antennas. 


4.  CONCLUSIONS 

The  performance  of  adaptive  nulling  antennas  is  related  to  both  the  Jamming  environment  in 
which  they  are  operated  and  the  size  of  the  array  used.  Operation  in  a  dense  Jamming  environment 
requires  a  large  antenna  array  to  cancel  the  jammers  while  maintaining  an  acceptable  amount  of  gain 
in  the  main  beam. 

A  comparison  between  conventional  low  sidelobes  antennas  and  adaptive  nulling  antennas 
shows  that  much  better  performance  can  be  expected  from  the  adaptive  nulling  antennas  at 
considerably  smaller  antenna  sizes. 


5.  RECOMMENDATIONS 

The  results  presented  in  this  report  are  for  locating  targets  in  a  jamming  environment.  Once  the 
targets  have  been  located,  it  is  necessary  to  track  the  target’s  motion.  Monopulse  is  a  common 
technique  employed  for  target  tracking.  A  future  study  will  be  performed  lo  determine  the 
performance  of  monopulse  tracking  in  a  Jamming  environment. 

Because  each  element  in  a  digital  beamforming  array  requires  its  own  digital  beamforming 
hardware,  the  complexity  of  building  large  digital  beamformers  is  a  drawback.  To  achieve  similar 
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Figure  10.  Adaptive  Nulling  Antenna  and  Chebychev  Antenna  Performance  Comparison  Using  T/R  Modules 


performance  with  less  complexity,  the  array  can  be  split  into  subarrays  with  each  subarray  having  a 
separate  digital  beamforming  network,  A  study  should  be  performed  to  determine  the  level  of 
performance  one  could  expect  from  such  a  system. 
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